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The lifetime of the 5 3 p1 state of Hg was ob
served as a function of Tl density at two different
Hg pressures. From these data it appears that at
high Tl densities the lifetime of the 53 p1 state of
Hg is controlled by collisions with Tl atoms.
Using this assumption and simple gas kinetic the
ory, a cross section for these collisions was cal
culated.
The quartz experimental cell was constructed
with two side arms, one containing Hg and the
other Tl. The central portion of the cell and the
two side arms were heated by three ovens whose
temperatures could be independently controlled.
In this manner the Tl pressure was controlled by
the temperature of the oven over the Tl reservoir

and the Hg pressure was controlled by the oven
over the Hg reservoir. The central portion was
kept at a slightly higher temperature than the Tl
reservoir to prevent condensation on the windows.
The tank coil of a 14 megacycle rf source was
placed around the central portion to induce a dis
charge in the cell. The emitted lines were sepa
rated using a Bausch and Lomb SOC mm quartz
grating monochromator and detected with an
EMI-6256B photomultiplier. The signal was dis
played on an oscilloscope. The trace obtained
when the discharge was shut off was then photo
graphed. The time resolution of the equipment
was such that a very fast signal would appear to
have a half-life of four microseconds. Data were
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taken at Hg temperatures of 250 and 3 50° F corre
sponding to Hg vapour pressures of 0.78 and 7.8
mm of Hg respectively. The Tl reservoir was
held at various temperatures between 980 and
13 26° F. This c,rresponds to a pressure range
of between 10-;; and 1.4 x lQ- 1 mm of Hg 1).
In a preliminary experiment the 253 7, 2652/4/5,
5461, 3650, and 4077 A Hg lines were observed
together with the 2709/11, 2768, 2826, 2918/21,
3229, 3 519, 3 776, and 5350 A lines of Tl, at a
single Hg and Tl temperature. The decay times
of all of the Hg lines except the 2537 A line ap
peared too short to measure and the Tl lines all
had the same decay time as the 2537 A line of Hg.
Only the data for the 253 7 and 3 650 A Hg lines to
gether with the 3 776 A Tl line were recorded, al
though quick visual observations were made on
some of the other lines to be sure that they were
behaving as indicated in the preliminary experi
ment.
Table 1
Half-life of the 2 537 A Hg line and calculated
cross section for vario u s Tl densities at two different
Hg pressures.
Hg pressure
Hg pressure
of 0.78 mm of Hg
of 7.8 mm of Hg
Half-life Calculated Half-life Calculated
Tl density: of253 7 A cross
of 2 53 7 A cross
section
(atoms/cm3 ) line
section
line
(µ.sec)
(µ.sec)
(cm2)
(cm2)
1 X

11
24
51
75
98
134

1013

30

24
20

14
L::
9

1 51 X
20

10-l6

11
7.0
5.5
5.5

20
18

11
9
6,7

22 6x
26

10 -16

6.0
5.5
5.4

Using simple gas kinetic theory, the values of
the mass of the atoms, the measured lifetime of
the 53 p1 Hg state, the Tl pressure, and the cell
temperature a cross section was calculated for
each set of conditions. Table 1 gives the values
used and the results obtained. From table 1 the
lifetime of the 253 7 A line is seen to decrease
with increasing Tl density. This result would be
expected if we assume that the lifetime of the
63 P1 Hg state, which would normally be long due
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Fig. 1. Apparent cross section as a function of Tl density at two different Hg temperaw.res.
to imprisonment effects 3 ), was shortened by col
lisions with ground state Tl atoms. In fig. 1 the
cross sections from table 1 are plotted as a func
tion of Tl density, at the two Hg temperatures.
From the fact that both of these curves level off
to the same cross section at high Tl densities, it
is assumed that at high Tl densities it is these
collisions which predominate, making all other
effects negligibly small. This cross section of
5.5 x 10-16 cm 2 should therefore be the true
overall cross section for such collisions and be
independent of either the Hg or Tl pressure. This
cross section is of the order of that which would
be expected if the atoms behaved like billiard
balls whose radii are equal to those which would
be obtained from calculations of the expectation
values of the radii of the atoms.
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